; P , .01). Ad-14 pneumonia was not associated with specific radiographic findings, pneumonia severity score, intensive care unit admission, longer hospitalization, or 30-day mortality.
Conclusions. During an outbreak of Ad-14 infection, Ad-14 infection was not associated with excess overall morbidity or mortality. Ad-14 infection was associated with specific laboratory and clinical parameters and higher hospitalization rates in female trainees. These data provide new insight to the epidemiology of Ad-14 infection.
Febrile respiratory illness (FRI) due to adenovirus (Ad) has been a leading cause of morbidity in basic military trainees for .60 years [1] . For the purpose of respiratory disease surveillance in the military training population, FRI has been defined as a fever (typically, a temperature $100.4 o F) and the presence of at least 1 respiratory symptom [2, 3] . Historically, adenovirusassociated FRIs have been associated with mild upper or lower respiratory tract disease, lost training time, high respiratory disease transmission rates and outbreaks [1, [4] [5] [6] . Ad-associated fatalities in military trainees and civilians are well documented in the literature [7] [8] [9] [10] [11] [12] [13] ; however, the incidence of severe or fatal adenovirus infections in young, healthy military trainees has remained low, despite high attack rates.
In 2005, Ad-14 (a B subtype, respiratory Ad) emerged at Lackland Air Force Base (AFB), Texas, and elsewhere in the United States as a novel cause of FRI, pneumonia, and death in military and civilian populations [3, [14] [15] [16] [17] [18] [19] [20] . Ad-14 was not known to be a common adult respiratory pathogen in the United States before these reports but had been previously identified as a cause of nonfatal respiratory disease outbreaks in European military populations [21, 22] . Molecular studies have shown the emergent Ad-14 virus to be a new genome type, with all recent US Ad-14 strains identified as the same viral strain [3] . Since the emergence of Ad-14 in the United States, several studies have suggested an association of greater morbidity and mortality with Ad-14 infection [15] [16] [17] [18] . Although these studies demonstrate associations with severe disease in older individuals and those with underlying chronic medical conditions, it is not known whether Ad-14 is a cause of more severe disease in young, healthy patients, compared with other respiratory pathogens.
An observational, descriptive clinical report on 9 of the Ad-14-positive pneumonia cases from this study was published elsewhere [23] ; however, no comparative studies have been conducted to discern whether there were true differences in clinical, laboratory, or radiographic abnormalities based on Ad-14 infection status. The objectives of this study were to assess clinical, laboratory, and radiographic factors in US Air Force trainees with pneumonia to determine whether Ad-14 infection is associated with increased morbidity or mortality and whether specific clinical variables are associated with Ad-14 infection.
METHODS

Study Population
Air Force recruits were assigned to Lackland AFB to complete 6.5 weeks of initial basic military training. At this training site, trainees with mild FRI are routinely removed from their assigned training units and placed in dedicated outpatient fever units (comprised only of trainees with febrile illnesses) to limit their physical activity and the spread of respiratory disease to asymptomatic trainees. More detailed descriptions of the trainee living and work environments have been described in the medical literature [19, 23] . The decision to hospitalize a trainee is based on illness severity determined by a clinician at the time of presentation; trainees are not automatically hospitalized on the basis of a specific or suspected diagnosis. Trainees requiring hospitalization are admitted to a single, 284-bed medical center with intensive care unit (ICU) capabilities.
We retrospectively reviewed medical records of USAF trainees with pneumonia (identified from International Classification of Diseases, 9th Revision [ICD-9], codes and abnormal chest radiograph findings) diagnosed during the study period. The study period from 1 April 2007 through 30 June 2008 was chosen because it correlated with increased FRI rates and adenovirus surveillance measures on the installation. Trainees are routinely monitored for evidence of FRI by clinical and public health personnel. In addition to installation-level surveillance, personnel routinely obtain clinical specimens from a subset of trainees with FRI, as part of a centralized respiratory disease surveillance program for military basic training sites [3, 24] . Individuals were included in the study if they were military trainees in basic training, were $18 years, had a clinical and radiographic diagnosis of pneumonia, and were tested for adenovirus infection.
Patients with pneumonia with and without Ad-14 infection were assessed for clinical, radiographic, and laboratory parameter differences. Complete demographic, clinical, and laboratory data were only available for hospitalized trainees. Consequently, only the inpatient pneumonia cohort was included in the final analysis to determine whether Ad-14 infection was associated with specific presenting or outcome variables, compared with those who were not infected with Ad-14. Trainee population numbers, FRI and pneumonia cases, and Ad-14 infections during the study period are shown in Figure 1 .
Definitions ICD-9, Clinical Modification codes in trainee hospital records were used to identify cases. Inpatient records showing ICD codes for pneumonia, adenovirus infection, and respiratory (upper and lower) infection (ICD codes 079, 465, 466, 480, and 482) were screened to identify hospitalized trainees with pneumonia. Radiographic pneumonia was defined by radiologist interpretation of chest radiograph findings at time of admission. Trainee health surveillance records of pneumonia diagnoses were also reviewed to identify trainees who received diagnoses by clinical and radiographic measures but who were not admitted to the hospital (ie, those that were sent to outpatient fever units). Presenting symptoms, physical examination findings, routine laboratory parameters, radiographic findings, and clinical severity markers (ICU admission, hypoxia, intubation, vasopressor use, and diagnosis of acute respiratory distress syndrome) were assessed. Admission CURB scores (confusion, elevated blood urea nitrogen level [.19 mg/dL], respiratory rate [$30 breaths/min], and blood pressure [systolic blood pressure ,90 mm Hg or diastolic blood pressure ,60 mm Hg]) were used as a measure of severity of illness, in accordance with published community-acquired pneumonia guidelines [25] [26] [27] .
Diagnostic Studies
Ad infection was identified by viral culture or Ad-14 polymerase chain reaction (PCR) of nasopharyngeal or oropharyngeal specimens (either nasal washes or direct pharyngeal cultures). Because of the documented .96% Ad-14 serotype positivity rate throughout the study period [28] , we defined a positive Ad-14 infection as detection of Ad-14 by qualitative PCR testing or Ad-positive culture, not proven to be other adenovirus serotypes. For the inpatient pneumonia cases in our final analysis, no non-Ad-14 serotypes were identified. During the study period, these tests were ordered routinely during clinical evaluation of patients with FRI and pneumonia. Routine laboratory studies and chest radiographs were performed only as part of clinically indicated testing measures by clinicians examining trainees with FRI symptoms. Ad-14 infection status was not routinely known at the time of hospital admission or radiographic interpretation. Nasal wash or oropharyngeal swab specimens were sent for Ad-14 qualitative PCR assay and/or respiratory viral culture to the US Air Force Epidemiology Laboratory at Brooks Air Force Base, San Antonio, Texas. The specific Ad PCR methodology is described elsewhere in the literature [14] . Viral culture studies were performed using standard viral culture methods (shell vial and tissue viral culture). The molecular and viral culture diagnostic laboratories are certified under the Clinical Laboratory Improvement Amendment of 1988 to perform high complexity clinical laboratory testing.
Statistical Analysis
All independent and dependent variables were assessed for normal distribution with use of standard statistical tests. We used the Student's t test to compare mean values of normally distributed continuous variables. Mann Whitney U or KruskalWallis tests were used if continuous variables were not normally distributed. Pearson's v 2 test and Fisher's exact test were used to compare categorical variables. A P value , .05 was considered to be statistically significant for all analyses; all P values were 2-tailed. All statistical analyses were performed using SPSS, version 16.0 (SPSS).
Ethics
The study was approved by the hospital's human use committee and institutional review board.
RESULTS
During the study period (April 2007-June 2008), 42,254 trainees arrived at Lackland AFB for initial military basic training. The FRI rate during the 15-month study period ranged from ,1 to 3 FRI per 100 trainees per week, and the pneumonia incidence rate was 6 cases per 1000 trainees during this period. Of the 3408 individuals with FRI tested for specific pathogens, 1031 received a diagnosis of Ad-14 respiratory infection, and only 1 patient received a diagnosis of Ad-4 infection. There were 234 individual cases of pneumonia identified, with 148 meeting inclusion criteria for the study (based on evidence of adenovirus testing). Of the 234 patients with pneumonia, 83 (35%) were hospitalized and 151 (65%) were treated as outpatients ( Figure 1 ). The median age was 20 years (interquartile range [IQR], 2 years), and the majority comprised men (88%), nonsmokers (83%), and persons with no history of respiratory disease (93%). Five patients reported a distant history of asthma, and 1 patient had a history of hypoplastic lung (left upper lobe); none of these patients reported chronic sequelae or functional limitations at time of entry to basic training. All trainees had completed medical screening before acceptance into the USAF. The overall median training week for presentation of pneumonia was week 4 (IQR, 2), and the majority of radiographic abnormalities were lower lobe disease (83%).
Of the 148 patients with pneumonia who met the inclusion criteria, 90 (61%) were positive for Ad-14; 63% of inpatients with pneumonia and 59% of outpatients with pneumonia were positive for Ad-14 ( Figure 1 ). Six patients received a diagnosis of Ad infection on the basis of culture positivity alone: 2 of these were Ad-14 PCR negative, and 4 patients had no Ad-14 PCR performed. No alternate Ad strain was identified in these 6 patients. Other viral and bacterial respiratory pathogens were also detected in 16 of the inpatients with pneumonia ( Table 1) . Nine of these patients were coinfected with Ad.
There were no differences in studied demographic characteristics, by Ad-14 infection status, except for training week at time of diagnosis (Tables 2 and 3 ). There were also no differences in demographic findings between inpatients and outpatients with pneumonia or between Ad-14-infected and Ad-14-uninfected outpatients (data not presented). Further comparisons involving outpatients were not possible because of limited clinical presenting data in this population. There were no statistically significant differences in presenting symptoms (cough, dyspnea, headache, subjective fever, or chest pain) detected in hospitalized patients with pneumonia with Ad-14 infection, compared with those without Ad-14 infection. The most common presenting symptom for all inpatients with pneumonia was cough (97% of Ad-14 pneumonia cases and 100% of nonAd-14 pneumonia cases), followed by subjective fever (94% and 79%, respectively). Trainees hospitalized with Ad-14 pneumonia were more likely to have a higher admission temperature and heart rate than were those without Ad-14 infection (Table 3) . There were no detectable differences between these 2 groups in terms of systolic blood pressure, respiratory rate, pulse oximetry, or CURB score at the time of admission (Table 3) .
There were no overall differences in illness severity factors or radiographic abnormalities between Ad-14-positive pneumonia cases and Ad-14-negative cases (Table 3) . Trainees with Ad-14 infection had significantly lower white blood cell, neutrophil, lymphocyte, and platelet counts than those without Ad-14 infection. (Table 3 ). No differences were detected in admission hematocrit, routine chemistry values, renal function, or transaminase levels, by Ad-14 infection status, and there was no difference in 30-day mortality between these 2 groups. One trainee died 3 months after receiving a diagnosis of Ad-14 respiratory infection; the final cause of death, determined by autopsy, was acute disseminated encephalomyelitis. This trainee had also had a positive monospot result and clinical illness consistent with acute mononucleosis during the weeks before her presentation with severe Ad-14 pneumonia. There were no other pneumonia-related deaths identified during the training period.
We identified several associations with Ad-14 based on gender ( Table 4 ). The overall hospitalization rate for pneumonia did not differ for men and women, and the association with Ad-14 infection was also not different in men and women with pneumonia. However, the likelihood of hospitalization among Ad-14-infected trainees was higher for women than for men (83% vs 40%, ; P 5 .04), and female trainees admitted for Ad-14-positive pneumonia had increased CURB scores, increased likelihood of ICU admission, and increased frequency of acute respiratory distress syndrome diagnosis, compared with male trainees admitted for Ad-14-positive pneumonia.
DISCUSSION
In this military trainee cohort with radiographically documented pneumonia, we compared clinical and outcome associations based on Ad-14 infection. Clinical presentations were similar to those in Ad pneumonia series associated with other serotypes, to include a detailed pneumonia cohort evaluation at the same training site in the 1960s [5] . In the current retrospective analysis of hospitalized trainees, Ad-14 pneumonia was not associated with specific clinical symptoms or chest radiograph findings, compared with other causes of pneumonia. Furthermore, Ad-14 pneumonia infection was not associated with higher disease severity measures, to include CURB score, ICU admission, acute respiratory distress syndrome, intubation, vasopressor use, hospital length of stay, or death. These findings, in a relatively younger and healthier population, stand in some contrast to recent data from outbreaks of Ad-14 infection in other populations, in which higher percentages of individuals were hospitalized, and variables such as age, smoking, and comorbid illnesses were identified as risk factors for hospitalization [15] [16] [17] [18] . Most of the severely ill, Ad-14-infected patients from previous civilian studies were .40 years of age [15, 16, 18] or had underlying chronic illnesses [15] [16] [17] [18] . Differences in ascertainment of Ad infection may have accounted for the differences between these studies' results and ours, because respiratory viral cultures and adenovirus molecular testing are not often performed in clinical care unless the patient is seriously ill. It is likely that many individuals with Ad-14 infection existed in these communities and did not present with severe respiratory disease. Our study, however, was able to assess a larger denominator and greater variability of symptomatic illness, because of the lower threshold for Ad-14 testing by clinicians during this large outbreak.
The presence of Ad-14 infection was associated with higher presenting temperature and heart rate and lower WBC, neutrophil, lymphocyte, and platelet counts in this cohort of hospitalized trainees with pneumonia. These clinical and laboratory markers may have some predictive diagnostic use for early identification of Ad-14 infection in young patients presenting with pneumonia symptoms during an outbreak, although the lack of specificity of these findings may limit their usefulness as general diagnostic tools.
A unique finding of this study includes the higher hospitalization rates and illness severity factors in female trainees infected with Ad-14, compared with Ad-14-infected male trainees. Other studies have reported increased Ad14 infection rates in male trainees, suggesting possible gender-specific susceptibility factors or hygiene practices as potential reasons for this difference [19, 29] . However, disease severity associated with specific serotype infection and gender interactions has not been reported. Our study findings are limited by relatively low number of adenovirus pneumonia cases among female trainees but should provoke further investigation.
As reported, there was 1 death in a female trainee who had been admitted for pneumonia during the study period. This trainee had an admission for clinical infectious mononucleosislike illness (acute pharyngitis, lymphocytosis, and monospot positive) 16 days before her admission for Ad pneumonia. She died of complications 12 weeks after receiving a diagnosis of Ad-14 infection. Since completion of the study period, there was another death in a male trainee who had a positive monospot result just before receiving a diagnosis of Ad-14 infection. It is unclear whether these trainees had more severe disease courses because of relative immunosuppression from prior mononucleosis, as has previously been suggested [30, 31] , or whether the monospot test result were false-positive, as has been reported with other Ad strains [32] . Studies of Epstein Barr virus coinfections in this population are ongoing.
This study has several limitations. First, the study's retrospective design does not allow interpretation of clinical, laboratory, and radiographic variables in terms of chronologic association with disease onset and illness progression. Another study limitation is the lack of Ad-14 definitive testing for all trainees with pneumonia (n 5 234) and for all trainees admitted with pneumonia (n 5 83). Of those trainees hospitalized with pneumonia, 62 (75%) of 83 were tested for evidence of Ad-14 infection. It is possible that the 25% of untested inpatients may have had significantly different clinical, laboratory, or radiographic findings on the basis of their Ad-14 infection status, thus affecting final analysis for clinical associations. In addition, trainees with low-acuity pneumonia are more readily admitted to the hospital than otherwise healthy young adults with pneumonia outside a military training population, as is reflected by the overall low CURB scores in this study. However, this was true for both the Ad-14-infected and Ad-14-uninfected patients.
Despite its retrospective nature, this study has the advantage of evaluating a relatively homogeneous cohort of young, healthy patients, all of whom were screened for disqualifying medical conditions before military accession, thereby decreasing the likelihood of confounding resulting from comorbid illness. Furthermore, all hospitalized patients were admitted to a single inpatient facility, with standardized laboratory and radiographic diagnostic practices, which ensured nearly 100% capture of hospitalized pneumonia cases and consistency in diagnostic procedures and interpretations.
Because of the abrupt emergence of Ad-14 infections in this population and absence of other identified Ad serotypes, it was not possible to compare clinical factors between Ad-14-infected patients and those infected with other serotypes. It is not entirely clear what caused the rapid emergence of Ad-14 at military training installations or in civilian communities in the United States. It is also not known whether Ad-14 will establish itself as a major FRI pathogen in these populations for years to come, similar to Ad-4 over the past 60 years in military trainees. Currently, Ad-4 is once again the predominant serotype at Lackland AFB and the majority of other military training sites. With the planned reimplementation of a successfully tested Ad-4 and Ad-7 vaccine in the basic training population [33] , it is likely that the prevalence of these serotypes will decrease, and Ad-14 may remain a significant respiratory pathogen in military trainees.
This study suggests that, although Ad-14 infection can be associated with severe respiratory disease in individual patients, it does not appear to be associated with clinical markers for increased morbidity in young healthy military trainees with pneumonia, compared with those not infected with Ad-14. Presenting temperature and routine hematologic laboratory test values may allow clinicians, infection control officers, and public health practitioners to make earlier treatment, disease prevention, and infection control decisions during future outbreaks of Ad-14 infection. Prospective studies involving basic trainees are needed to further characterize chronologic associations of clinical variables with Ad-14 disease onset and to identify specific clinical factors that may be associated with greater disease severity risk.
